Abstract To date, the disclosure of a sex chromosome aneuploidy (SCA) diagnosis to an affected individual has not been explored. This study aimed to assess the timing and content revealed to an affected child by his or her parent(s), resources accessed in preparation, parental feelings of preparedness, common parental concerns, and recommendations for disclosure approaches. Two online surveys were created: 1) for parents of a child with a diagnosis and 2) for individuals with a diagnosis. One-hundred thirty-nine parent surveys (XXY n=68, XXX n=21, XYY n=9, other SCAs n=41) and 67 individual surveys (XXY n=58, XXX n=9) were analyzed. Parents most frequently discussed the topics of learning disabilities (47 %) and genetics (45 %) with their child during the initial disclosure. A significantly greater proportion of parent respondents reported feeling prepared vs. unprepared for disclosure, regardless of their child's diagnosis (z-test of proportions, all p's<0.001). Both prepared and unprepared parents most frequently accessed resources such as websites, support groups, and discussion with the child's physician prior to disclosure, with unprepared parents accessing fewer resources (M = 2.0 ± 1.41) than prepared parents [M = 2. ± 1.56; t(101)=−2.02, p<0.05]. Common parental concerns included making the conversation age-appropriate, discussing infertility, and possible impact on the child's self-esteem. Both parent and individual respondents endorsed being honest with the child, disclosing the diagnosis early and before puberty, and discussing the diagnosis gradually over time. These results provide recommendations for parents, and suggest benefits from additional resources and supports to alleviate concerns when approaching diagnosis disclosure.
Trisomy X (47,XXX, hereby noted as trisomy X) is the most common SCA condition in females, occurring in approximately 1 in 1,000 female births. It is estimated that only 10 % of cases are clinically ascertained due to many individuals being asymptomatic or only mildly affected (Nielsen 1990) . Developmental delays, learning disabilities, mood disorders (anxiety and depression), and other psychological disorders can be associated with trisomy X. Fertility is normal in most women with trisomy X, although cases of premature ovarian failure have been described (Goswami et al. 2003; Jacobs et al. 1959) . Turner syndrome (45, X), another SCA condition that occurs among females, was not included in this study due the differences in the medical and neurodevelopmental phenotype compared to supernumerary SCA conditions and because our clinic did not specialize in this population at the time of the study. However, the Turner syndrome population shares many of the same disclosure considerations as the supernumary SCA conditions included in the study, such as those surrounding reduced fertility.
Disclosure and Barriers to Disclosure
When a child is diagnosed with an SCA before birth or during childhood, parents often face the decision of how and when to disclose the diagnosis to their child. While some limited studies have characterized the information given to parents at the time of their child's SCA diagnosis (e.g. Abramsky et al. 2001; Hall et al. 2003) , the initial disclosure conversation with the child has not been explored to date. In this study we examine parents' experiences of telling their child about his or her diagnosis for the first time, and we explore the perspectives of individuals diagnosed with SCAs on the experience of discussing their diagnosis.
Research into other types of parent-to-child disclosures, such as the use of an egg/sperm donor for conception, or the risk for other genetic diseases, has revealed multiple barriers to communication of sensitive information (e.g. Mac Dougall et al. 2007; Metcalfe et al. 2008; Sutton et al. 2006) . Barriers identified include parents having difficulty understanding the information, or the information being emotionally upsetting, with parents consequently being more likely to avoid disclosure. In these studies, some parents described feeling uncertainty as to how to explain the information to their child, when to inform their child, or the child's ability to understand and cope with potentially distressing information (Sullivan and McConkie-Rosell 2010) . Sutton et al. (2006) reported that parents of girls with Turner syndrome expressed the primary reasons for nondisclosure were feeling that they were ill-equipped to disclose the diagnosis, and that they wanted to protect their daughter from potential emotional distress related to infertility.
The nature of the physical and cognitive features associated with SCAs, as well as the variability in features among diagnosed individuals, may present additional barriers for parents in disclosing the diagnosis to their child. In cases of prenatal diagnoses of trisomy X or XYY, a child who is unaffected or mildly affected might otherwise never have reason to learn of their diagnosis if not told by a parent. Additionally, the sensitive issues of infertility and hormone replacement therapy may be difficult to broach for parents of boys with extra X chromosomes (Borelli et al. 1984; Isaacs Cover 2012) . Further, the name "sex chromosome abnormality/aneuploidy" may in itself pose a barrier, as the term may be conflated with conceptions of gender or sexuality (Linden et al. 2002; Tartaglia et al. 2010) .
These and other unidentified barriers may result in some parents choosing nondisclosure, particularly in the case of unaffected or mildly affected individuals who were diagnosed prenatally, or children with intellectual disability who may have reduced awareness of their symptoms. Alternatively, some parents may selectively disclose limited features of the diagnosis and omit features that may be painful or uncomfortable to discuss, confusing to the parent or child, or features the parent believes to be unnecessary for the child's self knowledge. In the study by Stochholm et al. (2006) , one-third of participating women with Turner syndrome spontaneously mentioned that their parents or health practitioner had withheld part or all of the diagnosis from them. They also reported that they eventually learned in an undesirable manner, such as through health care providers who assumed they already knew, overhearing conversations or messages left on answering machines, or by doing their own research on symptoms they experienced (Sutton et al. 2006) . Several of these women addressed the traumatic nature of learning of the diagnosis unexpectedly or from strangers, which resulted in feelings of distress, anger, and betrayal, as well as damaging the sense of trust the women had with family members who elected to withhold the diagnosis. Sullivan and McConkie-Rosell (2010) noted that a diagnosis, once withheld, may expand into a family secret, which in turn may foster an environment of distrust and strain family relationships. Furthermore, children are often able to sense that something is wrong, and they may assume a more distressing cause for the secret (Linden et al. 2002; Sullivan and McConkie-Rosell 2010; Sutton et al. 2006 ). An atmosphere of secrecy might also discourage children from asking questions; Metcalfe and colleagues (2011) found that if a parent did not acknowledge the genetic condition in the family, siblings of the affected child felt inhibited from asking questions because they did not want to upset their parents.
Strategies for Disclosure
Some limited research has explored strategies used by parents when disclosing their child's donor conception status or risk to be a genetic disease carrier. Several parallels may be drawn between disclosure of donor conception and disclosure of an SCA diagnosis: both require the child to have some understanding of biological concepts and issues of privacy, and an unaffected or mildly affected individual with an SCA might not even learn of their diagnosis unless revealed by a parent or physician, similar to the scenario of donor conception status. MacDougall et al. (2007) interviewed couples that had conceived a child using donor gametes about how they envisioned and enacted disclosure of the conception status to their children. The researchers identified parents as primarily utilizing one or a combination of two strategies: early disclosure or "seed planting" at 3-4 years of age with subsequent conversations so that the child would always know, or waiting for the "right time" in the child's development for him or her to receive and comprehend the information. Parents who endorsed the "seed planting" strategy felt that waiting to tell the diagnosis could cause the child to feel distrustful of the parents and perceive the donor conception as something shameful or unusual. Families using the "right time" strategy considered the child's personality, level of maturity, and concept of discretion; although families anticipated this to be around 10-12 years, most told their children beginning at 6-7 years of age. Notably, parents utilizing the "right-time" strategy reported greater feelings of uncertainty about the disclosure process and outcome, and expressed desire for guidance or advice. Gallo and colleagues (2005) interviewed parents in families of children with various genetic conditions to examine the way information about the disorder and genetic risk was shared within families. Most parents reported using an open approach towards sharing information, and initially focused on sharing management issues relevant to the condition. Parents reported determining that their children were ready for information when they began asking questions and demonstrated curiosity. The majority of parents were not given any advice from health professionals on how to talk with the affected child or his or her siblings about the genetic condition.
Children's Preferences for Information Disclosure
Little is known about children's preferences for the way genetic risk or diagnostic information be conveyed to them. Adolescent girls and young women from families with Fragile X syndrome have reported a preference for genetic risk information to be given in stages and with reassurance and for normalization; they also reported that parents should be truthful, honest, and knowledgeable about the information given (McConkie-Rosell et al. 2009 ). In a study of communication of genetic risk in families affected by various genetic conditions, both affected children and unaffected siblings requested information to be given in small amounts over time to increase their understanding (Metcalfe et al. 2011) . Notably, over half of the young people in that study also wanted information directly from health care professionals.
Present Study
This study is the first to consider the disclosure process of an SCA diagnosis from both the parent and the affected individual's perspective. This study aimed to explore parents' experiences of discussing their child's diagnosis with him or her for the first time, to identify common parent concerns, and assess resources accessed and parent feelings of preparedness prior to diagnosis disclosure to the child. Additionally, we sought to explore the experiences and perspectives of individuals with an SCA diagnosis regarding diagnosis disclosure.
Methods

Design and Recruitment
This study was survey-based and utilized both a quantitative and qualitative design. Ethical approval for this study was sought and obtained from the Colorado Multiple Institutional Review Board (COMIRB). An Internet search was performed to identify organizations, support groups, and social media (i.e. Facebook) groups that serve families and individuals affected by SCA conditions. Representatives of these groups were contacted via email and provided a description of the study, along with a request to post a link to the survey on their website or online forum, and/or to distribute the survey to their membership.
An informational paragraph on the first page of the survey provided informed consent. This paragraph stated that the purpose of the survey was to learn about the experience discussing the diagnosis of an X or Y chromosome variation, and that responses would be used to develop printed information for families who are considering discussing the diagnosis with their child. Respondents were informed that completion of the survey was voluntary and all responses would remain anonymous. Neither the group representatives distributing the survey nor survey respondents were compensated for their involvement.
Two surveys were utilized. One survey was designed for parents of a child with a diagnosed SCA ("parent survey"), and a second survey was designed for individuals with a diagnosed SCA ("individual survey"). Both surveys were accessed via the same survey link. The initial survey question assessed whether the participant was a parent or caregiver of a child with a diagnosed X or Y chromosome variation, an individual with an SCA variation, or neither. Respondents who identified as either a parent/caregiver or as an individual with a diagnosis were continued onto questions from either the parent or individual surveys, respectively. Respondents answering as "neither" (n=6) were asked to exit the survey.
Survey Content
A combination of multiple choice and free response questions were utilized within a branched framework, with particular responses to some questions prompting or eliminating subsequent questions. Study surveys were created, collected and managed using REDCap (Research Electronic Data Capture) (Harris et al. 2009 ), a secure, web-based application hosted at the University of Colorado, Denver.
Parent Survey
Survey questions for parents were developed to characterize their child's diagnosis and to describe the first time the child was told of the diagnosis. Questions asked for the child's current age, diagnosis, age at diagnosis, and indication for diagnosis. Parents were asked to select all problems their child had experienced as a result of the diagnosis from a provided list (as illustrated in Fig. 1 ). Questions assessed the timing of the initial disclosure, who disclosed this information, and topics discussed (as shown in Fig. 2 ). Parents were asked to select from a provided list all resources they had accessed to prepare them for discussing the diagnosis with the child and whether these resources were helpful or not helpful (as shown in Fig. 3 ). Free response questions also inquired as to how the child reacted, most and least challenging aspects of disclosure, what additional information would have been helpful, and advice they would give another parent who is considering discussing the diagnosis with their child for the first time.
Demographic questions assessed age, highest level of education received for the parent respondent and for the child's other caregiver if applicable, and current country of residence.
Individual Survey
Questions on the individual survey assessed the respondent's experience with his or her diagnosis and characterized the first time he or she learned of the diagnosis. Individuals were also asked about the problems they have experienced as a result of their diagnosis and how they felt about their diagnosis (Fig. 1) .
Respondents' past and current comfort levels discussing their diagnosis with their parents and physician were also assessed. Additionally, respondents were asked what advice they would give to a parent of a child with an SCA about discussing the diagnosis. Demographic questions assessed age, relationship status, highest level of education received, and current country of residence.
Data Analysis
Study data were exported from the REDCap application for analysis in SPSS-version 20. Statistical analyses were tailored for each specific research question and data characteristics. The following tests were utilized in this study: t-test, z-test of proportions, chi-square, one-way ANOVA and mixed ANOVA. A conservative method (Bonferroni correction) was used to control for multiple comparisons, when appropriate.
Chi-square tests were used to examine the association between each topic discussed among each of the SCA diagnoses in the parent survey, as well as between comfort levels and SCA diagnosis in the individual survey. Bonferroni corrections were used due to multiple comparisons (for each topic discussed or problem experienced). Due to low cell counts, 
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Resources accessed by parents prior to initial disclosure to their child Fisher's Exact Test value was reported. Cramer's V is reported for strength of any significant associations. Proportions tests (z-tests) (Newcombe 1998a, b) were carried out using the SPSS (v20) Custom Tables Module to  determine if there was a significant difference in the percentage of parents who reported feeling prepared versus unprepared within each SCA group, as well as to examine if there was a significant difference in unpreparedness across the SCA groups. Alpha values were adjusted for multiple comparisons using a Bonferroni correction.
Results
Participants (Table 1)
Parent Survey
A total of 244 parents or caregivers responded to the first question of the survey. Forty-seven respondents were excluded for significantly incomplete surveys; partially completed surveys with responses beyond the initial demographic questions were included in global analysis (n=31). Because the study aimed to explore parents' experiences of discussing the diagnosis with their child, we excluded from analysis 54 respondents who reported that their child had not been told, or they did not know if the child had been told. An additional 4 respondents were excluded due to the child having a rare SCA for which 3 or less surveys were received. Data analysis included the remaining 139 respondents. All parent respondents denied that they were currently pregnant with a fetus diagnosed with an SCA.
Demographics of the participants are shown in Table 1 . The average current age of the affected child was 18.5 years (SD= 11.2, range 1-60 years). One-hundred twenty-three (88.4 %) parent respondents were mothers, 13 were fathers (9.4 %), and 3 (2.2 %) identified as an "other" caregiver (sister, adoptive mother, and grandparent). The most common diagnosis was XXY (n=68, 48.9 %); followed by trisomy X (n=21, 15.1 %); XXYY (n=17, 12.2 %); XXXXY (n=14, 10.0 %); XXXY (n=10, 7.2 %) and XYY (n=9, 6.5 %).
Two parent respondents indicated that the child's other caregiver also took the survey. Additionally, one participant responded to both surveys, as he has a personal diagnosis of an SCA and also has a child with a diagnosis.
Individual Survey
Eighty-nine individuals self-reported to have a diagnosis of an SCA responded to the first question of the survey. Seventeen incomplete surveys were excluded. Five respondents were excluded due to diagnoses unique from all other respondents, or who did not disclose their diagnosis. Data analysis was conducted on the remaining 67 respondents. Respondent's ages ranged from 15 to 74 years with a mean of 40.7 (SD=14.5). The majority of respondents reported a diagnosis of XXY (n=58, 86.6 %), and 9 (13.4 %) respondents reported a diagnosis of trisomy X. The survey did not ascertain whether or not respondents received assistance from others (e.g. parents) with their responses to the survey questions.
Parent Survey Results
Features Experienced as a Result of the Child's Diagnosis
All parent respondents answered the question "What has your child experienced as a result of his or her diagnosis?" which provided parents a list of features from which they could select all that apply. When collapsed across diagnoses, the most common features experienced included learning disability/ Individualized Education Plan (IEP) (67.6 %), difficulty with social interactions (65.5 %), delay meeting milestones (53.2 %), and behavioral problems (54.2 %) (Fig. 1) . The diagnosis of an autism spectrum disorder or pervasive developmental disorder was experienced by the fewest children (13.7 %). About 9 % of respondents noted their child had experienced "other" symptoms, of which speech delay or language disorder was most commonly mentioned.
Age at Diagnosis Disclosure
The majority (90.6 %, n=102) of children diagnosed prenatally were told of the diagnosis during childhood, with the remainder learning during their teenage years. Nearly all children diagnosed before the age of 12 were also told prior to teenage years (97.5 %); one child was told between 13 and 18 years of age. When diagnosed in the teens or later years, most (96.6 %) were told at or close to the time of diagnosis. Group sizes were too small for comparison of differences among diagnosis groups.
Topics Discussed in the First Conversation
Parents were asked to select from a list all topics discussed with their child the first time they disclosed the diagnosis to him or her (Fig. 2) . About 47 % of parents reported discussing learning disabilities or problems at school, 45.3 % discussed genetics/chromosomes, and 34.5 % informed their child that the condition was life-long. Physical features of their child's condition and the fact that the condition was not fatal were each discussed by 31.6 % of the parents. Roughly one-third (28.8 %) of parents recalled telling their child when the diagnosis had first been made, and discussing whether to tell others or keeping the diagnosis private. The topic of hormone replacement therapy was discussed by 47.1 % of parents of males with XXY and 12.2 % of parents of males with XXXY, XXYY and XXXXY. The topics least frequently discussed in the initial disclosure conversation were social difficulties (23.0 %), emotional or behavioral problems (22.3 %), and medical problems (20.9 %). Only 18.0 % reported telling their child that the condition is not contagious.
Assessment of the association between which topics were discussed and the different SCA diagnoses revealed significant associations between SCA condition and the topics of when the diagnosis occurred, chromosomes/genetics, whether to tell others/keeping the diagnosis private, and hormone replacement therapy (all p<0.05). These specific topics were discussed less frequently with boys with pentasomy and tetrasomy conditions than with children with other diagnoses, with the exception of hormone replacement therapy, which was discussed more frequently with boys with XXY. After corrected for multiple comparisons, the associations for two of Free response questions were analyzed for topics discussed in the first and subsequent conversations that parents had with their child about the diagnosis. The most commonly identified topics parents discussed were the challenges the child would experience or that the child was already experiencing as a result of the disorder.
"We told him that he had some extra messages in each cell in his body and needed special help with talking and coloring." -Mother of son with XXY, prenatal diagnosis "She was around 10 years old and I told her that she was wired differently but that didn't mean she was not going to get the work presented to her, and that it would be harder for her, but she would learn at her own pace and in her own style." -Mother of daughter with XXX, diagnosed after age 6
Many parents reported highlighting for their child that everyone has his or her own challenges and differences. One mother of a child with XXY (prenatal diagnosis) reported:
"But I tell him that everyone has to deal with something in their life and this is his. Some kids deal with diabetes, or a parent that dies, etc., but he has to deal with blood tests, doctor appointments, etc., and we are doing this to keep him healthy."
The genetic cause of the disorder (ranging from specifics of chromosomes and cells to basic reference to the child's "extra X"), hormone replacement therapy or other medications, learning disabilities, and other medical problems or physical features associated with the disorder were other frequently mentioned topics. Several parents of boys with XXY, XXYY, XXXY, and XXXXY reported discussing the likelihood of future infertility with their child, as well as alternative ways to create a family (i.e. adoption).
"We discussed the positive aspects of adoption and mentioned other ways of overcoming fertility issues." -Mother of son with XXY, prenatal diagnosis Other less frequently mentioned topics included that the disorder was not a disease or disability, that the child should not use the disorder as an excuse, that the parents would help the child overcome challenges, that the disorder was not the child's fault, that the child is special because of the diagnosis, and identifying the child's strengths. Five parents reported discussing aspects of the diagnosis but not using the specific name of the disorder.
"He doesn't know that it has a name nor the severity of it, but he does know that he has a condition that creates certain challenges for him. We felt, however, that he isn't old enough to know the name of the diagnosis." -Mother of 7 year-old son with XXY, age at diagnosis not reported Alternatively, some families used special names for the diagnosis, with the child being referred to as "Xtra special," "X-man" or "Super X." Common topics of subsequent conversations included relationships and dating, responsible healthcare practices, and sex and the risk of STDs despite infertility (for XXY, XXYY, XXXY).
How and When the Child was told of the Diagnosis
Parent free responses were assessed for themes on how they told their child of his or her diagnosis, and when this conversation first occurred. Parents most commonly reported telling their child information about the diagnosis gradually across multiple conversations, instead of all at once.
"There was no one 'big' moment -it was just something we were always open about." -Mother of son with XYY, prenatal diagnosis "I felt it was better to start early with a simple explanation and build on details over time." -Mother of son with XXY, prenatal diagnosis Several parents reported telling their child about the diagnosis with the assistance of the child's physician. Multiple parents also reported "keeping it simple," acting as though the diagnosis was "no big deal," maintaining a positive demeanor, and remaining open to child questions or thoughts. Other reported methods of discussing the diagnosis included comparing the disorder to other health problems or genetic disorders familiar to the child and calling upon religious beliefs.
The most frequently reported time for telling the child of the diagnosis was when the child began to have multiple appointments related to the diagnosis, or when the child needed to see a specialist for the disorder.
"My son began questioning as he realized we were going to many different doctor appointments and would want to know what this doctor was for, etc." -Mother of son with XXXXY, diagnosed between ages 6 and 12
Other common circumstances for initial disclosure included when the child began to ask questions, when problems arose related to the diagnosis (i.e. struggling in school), when the child was studying biology or genetics in school, and for males with XXY, when the child was at an age to begin hormone therapy or to assess fertility.
Parent Disclosures
When asked to select from a list of who else they had told of their child's diagnosis, 85.6 % of parents reported telling their child's primary care physician, 77.0 % had informed their child's school or teacher, 76.3 % told extended family, 69.1 % had told the child's siblings, and 59.7 % had told their own friends.
Parent Feelings of Preparedness
The majority of parents reported feeling either very prepared (45.6 %) or somewhat prepared (35.0 %) to discuss the diagnosis with their child for the first time. Z-test of proportions revealed that significantly more parents of children in each diagnosis group reported feeling prepared versus unprepared to discuss the diagnosis with their child (XXX 82.4 %, z=−4.95; XXY 84.6 %, z=−9.78; XYY 85.7 %, z=−3.82; XXYY, XXXY, and XXXXY 70.4 %, z=−3.28; all p-values< 0.001). Though fewer parents of children with XXYY/ XXXY/XXXXY reported feeling prepared, this was not statistically significant from the other SCA groups (all p-values>0.05).
Resources Accessed
Sixty percent of parents reported accessing websites or materials online for information prior to discussing the diagnosis with their child for the first time (Fig. 3) . Other frequently used resources were support groups (43.6 %), and conversations with the child's doctor (42.3 %). Less than one-third of parents utilized other parents or conversations with the child's school or therapist, and one respondent reported accessing material about other types of disclosures (i.e. adoption or donor conception status). Five respondents spontaneously mentioned attending a conference when asked about additional resources that were accessed; other identified resources included genetic counseling, age-appropriate books about genetics, and talking with adults who have the same diagnosis as their child. Most respondents felt that the resources they accessed were helpful to them. It is unclear whether the 36 respondents who did not report using any resources simply chose not to respond, or if they did not access any resources prior to discussing the diagnosis. There was a significant difference in the number of resources accessed among the prepared (M=2.77±1.56) and unprepared (M=2.0±1.41) groups [t(101)=−2.02, p=0.046], with unprepared parents accessing fewer resources than prepared parents. The majority of respondents (80.5 %) indicated that they would have benefited from written or electronic materials on how to discuss the diagnosis with a child, while 19.5 % did not think this would have benefited them.
Common Parent Concerns
Many parents reported within the free text responses having concerns or fears about discussing the diagnosis with their children (Table 2 ). The most common fear was that learning of the diagnosis would cause the child to feel "different" and negatively affect the child's self-esteem .
"I was concerned that it would erode his sense of self and his confidence. I was worried that he would feel bad about who he is." -Mother of son with XXY, prenatal diagnosis Other common concerns included that the child would not understand or would have a negative reaction to the diagnosis, when to disclose, being unsure about what words to use or how to make the discussion age-appropriate , and that the parent would become emotional during the conversation.
"I was concerned about keeping my emotions in check." -Mother of son with XXY, prenatal diagnosis "I was nervous, and I was worried about giving him too much info at one time. It was a moment that I had been dreading since the day that I learned. I had to keep in mind that his initial reaction, be it positive or negative, would evolve and that it was a big load for an immature kid." -Mother of son with XXY, prenatal diagnosis Several parents of children with XXY, XXYY, XXXY, or XXXXY identified having concerns on how to address the likelihood of their child's future infertility.
"[The most challenging aspect of disclosure was] telling him that it will be difficult to have children. At 13 year[s] old, he can't even decide what he [wants] to eat for dinner, let alone if he wants to try to freeze his sperm for a child some day." -Mother of son with XXY, diagnosed between ages 6 and 12 Table 2 Parent respondent's common concerns for initial disclosure to their child Child will feel different/it will affect his or her self-esteem How the child will react Discussing infertility (parents of boys with XXY, XXYY, XXXXY) What to say, words to use, and making conversation age-appropriate The child will not understand The parent's emotions will interfere with the conversation Privacy concerns/the child will face discrimination The child will use the disorder as an excuse When is the right time for diagnosis disclosure? Discussing medical problems the child has/may have A smaller number of parents identified fears that their child would share the diagnosis inappropriately with others and/or face discrimination, or that their child would use the diagnosis as an excuse.
Perceived Child Reactions to the Diagnosis
Perceived child reactions to the diagnosis were identified from parent responses to the question "How did your child react to learning of the diagnosis?" as well as from the other free response questions. The most common reported reactions were interpreted as being neutral, including that the diagnosis was "no big deal," disinterest in the diagnosis, or having no apparent reaction.
"He had a few questions but acted like it was no big deal." -Mother of son with XXY, prenatal diagnosis "She didn't respond too much in any way. She just absorbed the information." -Mother of daughter with trisomy X, prenatal diagnosis Many parents reported that their child responded positively with feelings of relief, interest, and acceptance.
"He seemed somewhat relieved. He had begun to feel different, and I think it was initially reassuring to know there was a reason for his differences." -Mother of son with XXY, prenatal diagnosis "She was very interested, not frightened or concerned. At that point in her life I think she liked the idea that she had this special 'difference'." -Mother of daughter with trisomy X, prenatal diagnosis Negative reactions to the diagnosis included the child seeming confused, overwhelmed, not understanding, feeling upset or depressed, expressing anger, feeling anxious or feeling embarrassed.
"She was not very interested and seemed not to really comprehend." -Mother of daughter with trisomy X, prenatal diagnosis "[He was] somewhat angry, sad, confused." -Mother of son with XXY, diagnosed between ages 13 and 18
The percentage of positive, negative, and neutral reactions were generally consistent across all diagnoses groups, with 41-50 % of parents across diagnosis groups reporting their child had a neutral reaction, 25-33 % reported a positive reaction, and 25-30 % perceived their child to have a negative reaction.
Recommendations for Other Parents
Recommendations given by parents for discussing the diagnosis were generally consistent with the timing, content and approach parents reported for the actual conversations they had with their child. The most common recommendations parents gave for how to discuss the diagnosis included discussing the diagnosis gradually over time, being honest with the child, keeping the information simple, and staying positive (Table 3) .
"Be honest and give information that is age appropriate and expands as your son/daughter matures. Check in occasionally (but not too often) with them to see if they want to talk about it with a parent or with someone else." -Mother of son with XYY, diagnosed between ages 6 and 12 "Be open, honest and straight forward with your child. Make sure the child is old enough to understand what you are saying. Give lots of examples. Put the diagnosis in a positive light, but still be honest about some of the issues the child may have." -Mother of child with XXY, diagnosed between ages 6 and 12
Eight respondents recommended parents prepare by researching the diagnosis before discussing it with their child. Parents who commented on when to discuss the diagnosis most frequently recommended telling the child when he or she began having appointments or challenges related to the diagnosis, early and before puberty, as well as considering the child's questions and level of maturity. The most frequent recommendations for what to tell the child included explaining that everyone has unique challenges and differences, that the parent will help the child to receive assistance, and pointing out the child's strengths. Some parents felt it was important to tell their child to keep the diagnosis private, while others allowed their child to make the decision on whom to share it with.
Individual Survey Results
Learning of the Diagnosis
Respondents of the individual survey included males with XXY (n=58, 86.6 %), and females with trisomy X (n=9, 13.4 %). Most individuals with XXY were diagnosed after age 13, and learned of the diagnosis at or close to the time of diagnosis. Of the 4 women with trisomy X diagnosed prenatally, all were told before age 12. One respondent with trisomy X was diagnosed between the ages of 6 and 12 and told between ages 13-18; the remainder were told at the same time as their diagnosis in their teens or adulthood. Two-thirds of women with trisomy X learned of their diagnosis from their parent(s), while the remaining third learned from a physician. The majority of men with XXY were told of the diagnosis by a physician (86.2 %), with 12 % learning from their parent(s), and one individual learning from an unspecified "other."
Problems Experienced
The most commonly reported symptoms experienced by individuals with XXY included hormone replacement therapy (84.5 %), psychiatric or psychological disorder (62.1 %), medical problems (57.0 %), and difficulty with social interactions (55.2 %).
Women with trisomy X most frequently reported experiencing learning disabilities (77.8 %), difficulty with social interactions (77.8 %), psychiatric or psychological disorder (66.7 %), and behavioral problems (55.6 %).
Comfort Level with Discussing the Diagnosis
Seventy-seven percent of individuals reported telling their primary care physician about their diagnosis. All women with XXX reported telling their friends about their diagnosis, while 55 % of XXY men had told friends. In general, individuals reported a moderate to high level of comfort discussing the diagnosis with their parents and physician, with comfort levels increasing over time. About 71 % reported being somewhat or very comfortable discussing their diagnosis with physicians in the past, with 92.9 % reporting these levels of comfort at present. Individuals were somewhat less comfortable discussing the diagnosis with their parents than with their physicians; 46.4 % were somewhat comfortable or very comfortable in the past, with 69.6 % currently feeling comfortable. Fischer's exact analysis revealed no significant differences between comfort levels of individuals with XXY and trisomy X (all p>0.05).
A mixed analysis of variance (ANOVA) was conducted to compare the average comfort rating of participants based on 
hormone treatments) Genetics
You will help the child get help Encourage the child to ask questions time (present vs. past), person (parent vs. physician) and group (trisomy X vs. XXY). There was a significant main effect of time [F(1,53)=7.867, p=0.007], such that participants reported being more comfortable discussing their diagnosis currently compared to the past. There was also a significant main effect of person [F(1,53)=8.501, p= 0.005], such that participants reported being more comfortable discussing their diagnosis with their doctor compared to their parent. There was no significant main effect of diagnosis, indicating that comfort ratings of the trisomy X and XXY groups were generally similar. There were no significant interaction effects between group, time or person on comfort ratings.
Recommendations from Individuals
Respondents were asked the question, "If a parent asked you advice on how to talk to their child about his or her X or Y chromosome variation, what would you say to them?" The most frequently reported advice was to be honest, not to lie or omit information, and not to mislead the child. Individuals suggested that parents remain open, calm and casual, express support, and remain non-judgmental (Table 3) .
"Answer questions up front and honestly in age appropriate language. You have (or can get) the info and he/ she needs info to understand what he/she is feeling." -Respondent with XXY, age 68 "I think that a parent should be up-front and honest with their child from the beginning. Just keep it age appropriate. Never lie or mislead the child…" -Respondent with XXY, age 45 "Be ready to give a lot of support to your child -that's the one thing I think helps me through life -is knowing my family and significant other understands me fully and respects me for who I am with all my strange quirks and knowing that it will take me a lot longer to grasp things." -Respondent with trisomy X, age 22 Individuals encouraged discussing the diagnosis gradually and using pictures to help explain difficult concepts. Individuals stressed the importance of parents being informed about the diagnosis, and some suggested giving the diagnosis with the help of a physician.
"I would say: Learn more about it prior to telling them" -Respondent with XXY, age 25 "Depending on the age of the child, I would tell the parents to get as much information as possible and educate themselves on KS. I would then tell them to take their child to the doctor's office and have the conversation there; that way the doctor can also help with the discussion." -Respondent with XXY, age 38
Of individuals who gave a recommendation on when the diagnosis should be disclosed, 50 % specifically endorsed "early" disclosure; other recommended times included before puberty, when the child starts asking questions, when the child starts to have problems, or when hormone replacement therapy is needed (for XXY). "Start as early as possible. It is not necessary to give all details but it is important to be aware and demonstrate to the child that the child is not strange or weird. It is important for parents to establish for the reality of the child that this is not a life-ending experience but is something to accept." -Respondent with XXY, age 68 "A parent should tell the child sometime before he is 16 at the very least, and if he is getting hormone treatment then he should know before he starts it." -Respondent with XXY, age 63 "Wait until they are older to have an understanding on things, maybe in their teens or 20s. Sit down and make sure you have lots of pictures and information when you tell them. Break it down to a child's level of understanding. Keep talking and be open and calm." -Respondent with trisomy X, age 25
Several individuals identified the importance of telling the child that their SCA is not a disability, disease, or "weird." While some respondents recommended telling the child that the condition does not make them different, others endorsed telling the child that their SCA makes them special.
"I would just suggest to tell them that this variation makes them who they are and it's a wonderful thing. Each person whether or not they have a genetic variation might have challenges down the line, but that is just a beautiful part of life. I would also be super supportive with any issues [that] come up." -Respondent with trisomy X, age 19
Multiple individuals recommended encouraging the child to ask questions and talk about their feelings. Practical topics included what the child might expect to experience because of the disorder and the potential need for hormone treatments for males with XXY. Other recommendations included informing the child that there are many other people with the same diagnosis, that the parent will help the child to receive help needed for challenges the child may face, that everyone has their own unique challenges, and that the diagnosis should not be used as an excuse. No individuals mentioned discussing genetics in recommendations to parents.
Discussion
Little has been known about the way parents disclose the diagnosis of a sex chromosome aneuploidy to their child. Based on surveys completed by 139 parents of children with diagnosed SCAs and 67 individuals with a diagnosed SCA, this study was able to characterize the content and timing of initial disclosure conversations between parents and children with an SCA, examine concerns and feelings of preparedness regarding disclosure, assess the types of resources accessed, and evaluate the experiences of individuals with an SCA condition. It is important to acknowledge that recommendations from individuals with SCA are undoubtedly influenced by their own disclosure experiences. Also, the respondents to the individual survey were on average older (teenagers or adults) at the time of diagnosis in comparison to a younger age of diagnosis for children of the parent respondents.
We found that initial discussions per parent report often included specific aspects of the diagnosis that the child may experience or was currently experiencing, such as learning challenges or medical treatments. The majority of parents reported referencing the genetic etiology of the disorder, ranging from specifics of chromosomes and cells to simple mention of the child's "extra X." Parents also frequently reported pointing out to their child that everyone faces challenges and has qualities that make them unique, highlighting the child's strengths, and explaining they would help the child to overcome any challenges faced. Framing the diagnosis with these aspects may serve to help the child accept and normalize the diagnosis. The reduced frequency with which parents of children with tetrasomy and pentasomy conditions discussed privacy issues, genetics, and when the diagnosis occurred with their children likely speaks to the differences in intellectual involvement and decreased occurrence of prenatal diagnosis for this group.
Common concern expressed by parents in the survey included finding the "right time" and appropriate topics to discuss during disclosure. Parents reported keeping the initial disclosure and subsequent conversations age-appropriate, and providing information gradually over time, with the majority of information addressed prior to early adolescence if the diagnosis was made before that age. The variation in topics discussed at initial disclosure by parents may reflect the differences in ages at which children were told. For example, age-appropriate initial disclosure of an XXY diagnosis to a 7 year-old may not include specifics of needing hormone replacement therapy at puberty, but disclosure to an 11 year-old might incorporate this information. Consistent with the "seed planting" strategy identified by MacDougall et al. (2007) some parents identified talking about the diagnosis from a very young age so that the there was not a formal "reveal" of the diagnosis. Others began the disclosure when it became necessary to provide an explanation for why the child was having medical or therapy appointments, seeing specialists, or experiencing learning, social, or physical problems related to the diagnosis.
In general, advice given by parents on how to discuss the diagnosis was largely consistent with the actual disclosure conversations reported, and did not differ greatly from recommendations given to parents by individuals with a diagnosis. One of the most frequent recommendations from both parents and individuals was to remain honest; notably, individuals further stressed the importance of not misleading the child or omitting information about the diagnosis. Many parents and individuals endorsed normalizing the diagnosis by pointing out to the child that everyone has unique challenges and differences, remaining casual, and explaining that it is not a disease or disability, and that there are many other people with the same diagnosis. In contrast, some individuals and parents advised telling the child that the diagnosis made him or her special, and in some families the child was referred to as "Xtra special" or "Super X." It may be that the appropriateness of each approach depends on the child's personality, level of affectedness, and family communication style.
Interestingly, no individuals with an SCA mentioned discussion of genetics in their recommendations for disclosure. It may be that individuals consider the genetic etiology less important compared to other aspects of the disorder, or that the genetic aspect is not distinct from the diagnosis itself to warrant special mention. Because the disorders are not typically inherited or passed on to children, the value of knowing the genetic mechanism may seem secondary to the symptoms, treatment, or other aspects of the disorder. However, it may be important to provide at least a rudimentary explanation of genetics in order for the child to understand that the disorder happened randomly and no one caused it to occur, that it is not contagious, and that the condition is life-long (Linden et al. 2002; Tartaglia et al. 2010) .
A strong majority of the individuals with an SCA reported feeling comfortable discussing their diagnosis with their physician or their parent, with comfort levels increasing over time. Although individuals generally reported higher comfort levels with their physicians as compared to their parents, this most likely reflects that most respondents were diagnosed in adulthood, when parents are less likely to be involved in their child's healthcare. It may be that earlier disclosure conversations in childhood may lead to increased comfort discussing the diagnosis with a parent in adulthood.
We found that most parents felt somewhat prepared or very prepared to talk about the diagnosis for the first time. The majority of parents accessed 2 to 3 resources prior to the initial disclosure conversation, and the majority found these resources helpful. Parents who reported feeling prepared to talk about the diagnosis accessed a greater number of resources on average than parents who felt unprepared, although the average number of resources between these groups differed by less than one. This may imply that greater exposure to resources prior to disclosure helps parents to feel more prepared, or that parents who are more likely to feel prepared are also more inclined to access additional resources. The top resources for both prepared and unprepared parents included websites/ online materials and support groups. Of note, the children of some parent respondents were diagnosed as distantly as 30 years ago, such that not all resource options were available to them at the time of diagnosis. While not significantly different in comparison to the trisomy conditions, the fact that only 70 % of parents of sons with XXYY, XXXY, and XXXXY reported feeling prepared may reflect concerns of child's ability to understand due to the higher prevalence of intellectual involvement in these diagnoses, or a more limited amount of resources available for these rarer conditions. Despite their feelings of preparedness, the majority of parents said that they would have found helpful a written or online brochure specifically about how to discuss the diagnosis with their child.
Only 42 % had conversations with the child's doctor about discussing the diagnosis with their child. Although this is higher than the 10 % of parents of children who received support from their physician in the study by Gallo et al. (2005) , this may suggest that physicians are an underutilized resource for parents with regard to diagnosis disclosure, or that physicians are not well equipped to assist parents on this topic. Though discussion of disclosure with a genetic counselor was not directly assessed by the survey, several parents spontaneously reported using genetic counselors as a resource. While we would anticipate that the percentage of parents discussing disclosure with a genetic counselor is similar to or less than the figure for physicians due to limited access to genetic counseling services, it may also be that parents are receiving disclosure support from genetic counselors in lieu of the child's primary care provider. Several individuals as well as parents recommended using a health care professional to help with the diagnosis disclosure. This may also be useful for parents who are concerned about their ability to provide their child with accurate age-appropriate information.
Several common fears about discussing the diagnosis emerged from the parents' responses. The primary concern was that learning the diagnosis would make the child feel different or affect his or her self-esteem. Notably, however, many parents perceived their child to feel relieved upon learning the diagnosis. Parents attributed this to the child suddenly having a reason for the struggles they were already experiencing or alleviating fears of a more dire family secret. Responses from individuals with SCAs suggest that children with learning disabilities, physical changes, or social difficulties may already feel "different" from peers, and knowing there are others like them with the same diagnosis might be reassuring and exert a positive influence on their self-esteem.
Parents commonly expressed uncertainty of what to say to their child, including what specific words they should use and how to keep the conversation age-appropriate. The topics of infertility (for parents of XXY, XXYY, XXXY, and XXXXY) and potential medical problems were most challenging for parents to discuss. These fears are consistent with barriers to disclosure identified in previous literature (Sullivan and McConkie-Rosell 2010; Sutton et al. 2006) . Some of these fears may be allayed by utilizing a healthcare professional to help facilitate age-appropriate disclosure or by accessing literature specifically designed to address these concerns.
While many parents expressed fears about how their child would react to the diagnosis, the actual perceived reactions were more commonly neutral (e.g., unconcern) or positive (e.g., accepting) than negative. Of reactions interpreted as negative, the majority were children who did not understand or were confused by the diagnosis; this may reflect a learning or intellectual disability, and/or that the disclosure conversation occurred in a manner inappropriate for the child's age or maturity.
Recommendations for Parents
Based upon results of this study and suggestions from other professionals and support literature (Linden et al. 2002; Tartaglia et al. 2010 & Reassure your child that their diagnosis is not a disability or a disease and that it is not contagious or fatal. Inform your child that the condition resulted from a random event that happened before they were born, and no one caused it to happen. & Let your child know there are many other individuals like him or her with the same diagnosis. & Use pictures, books, or other aids to help communicate complex information such as genetics if appropriate. & Be thoughtful about how the terms "sex" or "sex chromosome" are used, and how your child may interpret these terms. Some parents prefer to refer to "X and Y chromosomes" instead to prevent misinterpretations and deemphasize sex. When explaining genetics, consider introducing that everyone (males and females) has one X chromosome, and the second sex chromosome (X or Y) determines female or male. When extra X and/or Y chromosomes are added to this pair, there can be different challenges and medical features (which can be highlighted depending on the SCA condition of your child and their individual case). & Older children or adolescents may require reassurance that their condition does not change their gender or sexuality, or imply sexual incompetence. & For diagnoses associated with infertility:
-From childhood and when appropriate for your child, actively incorporate into discussions different ways families can be made, such as adoption, fostering, choosing not to have children, or using different advanced reproductive techniques such as sperm donor or in vitro fertilization. This can be discussed when topic arises in books, television programs, or in relation to friends or family members. -Address specific questions and concerns regarding infertility as the child matures. -Remain informed about advanced reproductive techniques and ongoing fertility research in XXY and other SCA conditions, since many advances are being made and new recommendations are emerging for strategies associated with sperm retrieval or sperm banking.
We developed written materials for parents of children with XXY, XYY, XXX and XXYY on the topic of diagnosis disclosure informed by the results of this study. These are available through our clinic and can be accessed by sending an e-mail request to extraordinarykidsclinic@childrenscolorado.org.
Study Limitations
There are several limitations to this study that need to be considered. This study only included parents whose child was aware of his or her diagnosis, and therefore may overor under-represent specific family communication styles. Respondents self-selected into the study from SCA support websites, support groups, and social media communities. Therefore, the study may be biased toward those who are already open to discussing the diagnosis, or more likely to seek outside support and resources. Further, individuals or parents of children who are minimally affected by the diagnosis may be less likely to join support groups or visit organization websites, and may be under-represented by respondents of this study. Parent respondents were predominately mothers, reported high levels of education, and were predominantly from the United States. Consequently findings may not be applicable to other demographics. Survey responses are based only on participant report, and subject to recall bias. Finally, only one researcher was involved in coding of free response questions.
Research Recommendations
Given that less than half of parents in our study discussed disclosure with a physician, further studies may focus directly on provider preparedness to bring up or address the topic of diagnosis disclosure with parents, which may be useful for facilitating provider education or outreach on this topic. Additional research is needed to explore the motivations and barriers for parents who have chosen not to disclose their child's diagnosis; such studies may benefit the development of interventions or supports to facilitate communication in these families. The majority of children and individuals in this study were to some degree medically or cognitively affected by their SCA, which provided many families an impetus for diagnosis disclosure. Further studies are also necessary to characterize the disclosures or barriers to disclosures to children who are not affected or only mildly affected. This is especially important with the recent advances in noninvasive prenatal genetic testing (NIPT) technology, from which we will likely see an increased number of diagnosed SCAs that may not otherwise present clinically. Although we anticipate that the findings of this research may generally apply to other genetic conditions (Turner syndrome, for example), additional studies with other genetic populations are necessary for building a comprehensive body of disclosure literature.
